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Abstract 
The distribution values of m/z 191 triterpane and m/z 217 sterane of coaly Plio–Miocene units determined by GC-MS were used 
WR FRPSDUH ELRPDUNHU SURSHUWLHV RI 6DKLQDOL %H\SD]DUÕ DQG .DUDSÕQDU DUHDV ORFDWHG LQ $\GÕQ $QNDUD DQG .RQ\D 7XUNH\
regions within this study. In the Sahinali region the Miocene units consist of conglomerate, coal, clayey coal, sandstone, siltstone, 
claystone, clayey limestone and silicified limestone. Middle–Upper Miocene XQLWV RI WKH%H\SD]DUÕBasin are represented by 
conglomerate, agglomerate, sandstone, siltstone, claystone, coal, bituminous shale, limestone, and tuff. 7KH3OLRFHQH.DUDSÕQDU
area of interest, which is characterized by sandstone, siltstone, claystone, mudstone, lake and river bed coal deposits. When all 
the biomarker values are considered, it can be concluded that the organic matter is not mature. In two areas –except Sahinali– 
gammacerane is present indicating salinity. According to the C27, C28 and C29 sterane distribution, it can be observed that the 
dominant organic matter is terrestrial based and accompanied by simple herbaceous and alg. The deposition conditions are seen 
to be anoxic even though some oxic depositions are found in areas. All the areas had oleananes indicating angiosperm presence. 
C29/C30 hophane ratio and decrease in C31-C35 peak height indicated detrial facies in all the areas. 
 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Austrian Academy of Sciences. 
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1. Introduction 
Plio-Miocene basins are commonly encountered in Turkey in connection with the geological evolution, where 
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low ranked coaly unitVDUHPRVWO\FRQFHQWUDWHGLQZHVWHUQ6DKLQDOLFRDOILHOGVDQGFHQWUDO$QDWROLD%H\SD]DUÕDQG 
.DUDSÕQDU FRDO ILHOGV .DUDSÕQDU FRDO\ XQLWV DUH LQ VRXWKHUQ FHQWUDO $QDWROLD .RQ\D DQG SDUW RI WKH 3OLRFHQH
+RWDPÕV)RUPDWLRQ)LJa). The Pliocene HotamÕV)RUPDWLRQ LVFKDUDFWHUL]HGE\VDQGVWRQHVLOWVWRQHFOD\VWRQH
PXGVWRQH ODNH DQG ULYHU EHG FRDO GHSRVLWV ,Q WKH 6DKLQDOL $\GÕQ-western Anatolia) region the Miocene units 
consist of conglomerate, coal, clayey coal, sandstone, siltstone, claystone, clayey limestone and siliceous limestone 
)LJE%H\SD]DUÕFRDO\0LRFHQHXQLWVDUH ORFDWHG LQ WKH&HQWUDO$QDWROLDnorth-ZHVWRI$QNDUD)LJF). The 
purpose of this work is to investigate the biomarker properties and comparisons of the Plio-Miocene coaly units that 
LQWKH.DUDSÕQDU6DKLQDOLDQG%H\SD]DUÕDUHDV 
 
 
)LJ*HRORJLFDOPDSs and stratigraphic sections of stud\DUHDVD.DUDSÕQDUDUHDE6DKLQDOLDUHDF%H\SD]DUÕDUHD. 
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2. Biomarker Composition 
2.1. .DUDSÕQDUDUHD 
)URPWKHP]PDVVchromatograms of samples the relative abundances of the C27, C28, and C29 steranes )LJ
2). C28 steranes and C28 diasteranes occur in low quantities (C29>C27>C28) in the samples. Algae have been proposed 
as the predominant primary producers of the C27, while the C29 sterols are more typically associated with land plants. 
C30 sterane was recorded in minor amounts. The C28/C29 sterane ratios are 0.55 and 2.48 (Table 1). The C27/C29 
sterane ratios vary from 0.45 to 1.8. The C27 and C29 steranes are related to marine and terrestrial sources, 
respectively. The greater marine influence on the coastal reaches of the peat mire is determined in coal seams by 
increased ratio of C27, regular steranes relative to C29 and C28 steranes. Diasterane contents of all investigated 
samples are generally low. C27 Diasterane/sterane ratios are quite low (0.18, 0.27 and 0.29). C23, C24, C25 and C29 
tricyclic terpanes are also present in these samples. Relatively high concentrations of C23 tricyclic terpane in the 
samples extracts indicate terrigenous input [1]. In the coal samples, the C24/C23 ratios rise from 0.01 to 0.22. In m/z 
191 mass fragmentograms, very low tricyclic terpanes were recorded in one sample. Especially, a very high C23 
tricyclic terpane in one sample has been identified. The dominant hopanes in the samples are C30 ȕ+-Į+
moretane and C29 ȕ+-Į+QRUPRUHWDQH2WKHUFRQVWLWXHQWVDUH&29 Į+ȕ+KRSDQH&30 Į+
ȕ + KRSDQH DQG &31 Į + ȕ + KRPRKRSDQH 'LEHQ]RWKLRSKHQH  SKHQDQWKUHQH DQG
methyldibenzothiophene / methylphenanthrene ratios in the sample are 0.66 and 0.47 respectively (Table 2). Low 
amounts of dibenzothiophene to phenanthrene and methyldibenzothiophene to methylphenanthrene indicate 
deposition of the organic matter predominantly in lacustrine and/or fluvial/deltaic environment [2]. These values 
indicate appreciable quantity of terrestrial input [3]. Parameters based on distribution of mono- and triaromatic 
steroids, C28-TA/(C29-MA+C28-TA) and MA(I)/MA(I+II) indicate low thermal maturity [4]. 
2.2. Sahinali area 
C29 sterane quantities are similar in all the analyzed samples (C29>C27>C28 )LJ  7KLV LQGLFDWHV GRPLQDQW
terrestrial woody plants in peat formation, and that small quantities of herbs are found in the composition where 
algea was added later [5], [1]. The sterane/hopane ratio and the peak density in the sterane–triterpane area shows 
immaturity or beginning of maturation [6]. Steranes are more numerous than hopanes. Steranes are usually formed 
out of the sterols found in algea and woody plants. Generally steranes are considered to be the indicators of the 
SKRWRV\QWKHWLFRUJDQLVPVDQGPRVWO\UHIOHFWGHSRVLWLRQHQYLURQPHQWDQGGLDJHQHWLFFRQGLWLRQVĮ+-22, 29, 30-
trisnorneohopane Ts/(Ts+Tm) ratio is 0.85 (Table 3). This value indicates immature (Ts/Tm>1) organic matter, 
while C32 22S/(22S+22R) ratio is determined to be 2.56. Diasterane/sterane ratio is generally low in immature 
sediments – between 0.08-0.71 in the samples – in spite of the lithology effect [7]. On the other hand 
moretane/hopane ratio is determined as 0.21 which usually decreases as the maturity increases [8]. The thermal 
process is evaluated through the biomarker data during the coalification, and the moretane/hopane ratio shows 
immaturity and early maturity. One of the maturity parameters derived out of C29 UHJXODUVWHUDQHLVĮ+ȕ+
ȕ + &29 VWHUDQH DQG Į + Į + Į + &29 VWHUDQH ĮȕȕĮȕȕĮĮĮ UDWLR ZKLFK LV OHVV WKDQ  LQ WKH
samples (0.23-0.31). C23/C24 and C28/C29 ratios are between 0.61-2.86 and 0.71-2.95 respectively. 20(S)/(20S+20R) 
DQGȕȕȕȕĮĮVWHUDQHUDWLRVLQGLFDWHLPPDWXUHVWDJH7KHGHFUHDVLQJKRSDQHUDWLRVIURP&31 to C35 reflect clastic 
facies [9] while high C31 hopane ratios signify peat and coal. When evaluated based on these values, both samples 
contain homohopanes and from C31 to C35 a regular decrease at peak level is observed for detritic facies. High 
salinity indicator gammacerane ratios could not have been determined. Oleananes type biomarkers were determined 
to be between 5.52-6.51 derived from the angiosperms. This might indicate angiosperm abundance under deposition 
conditions. Oleanane existence might signify that samples are younger than upper-Crateceous and formed thru 
Tertiary flowered plants [10].  
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)LJDP]PDVVFKURPDWRJUDPVRI.DUDSÕQDUVDPSOHVEP]PDVVFKURPDWRJUDPVRI.DUDSÕQDUVDPSOHV. 
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7DEOH7KHIXQGDPHQWDOJHRFKHPLFDOSDUDPHWHUVRI.DUDSÕQDUVDPSOHV. 
PARAMETERS KK 140 KK 261 KK 140B KK 184-163 
Diasterane/(Diasterane+Regular Sterane) Ratio, C27 0.29 0.27 - 0.18 
EE/(EE +DD) Sterane Ratio (C29) 0.58 0.24 - 0.39 
20S/(20S+20R) Sterane Ratio  (C29) 0.80 0.57 - 0.48 
C27/C29 Sterane Ratio 1.80 0.97 - 0.45 
Ts/(Ts+Tm) Ratio 0.35 - 0.17 - 
22S/(22S+22R) Homohopane Ratio (C31) 1.0 - 1.0 0.54 
Moretane/Hopane Ratio (C30) 2.15 4.6 6.45 0.28 
C23 Tricyclic Terpane/C23 Tricyclic Terpane+C30 Hopane) Ratio - 0.94 0.93 0.16 
Sterane/17D Hopane Ratio 2.75 8.93 6.83 3.98 
% C27 , % C28  and C29 Sterane  Ratios 40, 24,36 23,15,62 29,23,48 34,18,48 
Gammacerane Ratio 2.76 0.63 0.83 2.02 
C28/C29 Sterane Ratio 0.55 2.48 - - 
C31 Homohopane (R)/C30 Hopane 0.57 0.75 1.33 0.38 
C27/C29 Tricyclic terpane Ratio 0.51 0.68 0.86 0.49 
C24/C23  Tricyclic terpane Ratio n.d. 0.09 0.01 0.22 
C24 Tetracyclic Terpane /C30 Hopane Ratio - - - 0.06 
C29/C30 Hopane Ratio 0.21 1.64 0.05 0.99 
Bitum/TOC Ratio 0.02 0.11 0.02 0.02 
Table 2. Peak definitions of  m/z 253,  m/z 184+198,  m/z 231 and  m/z PDVVFKURPDWRJUDPVRI.DUDSÕQDUVDPSOHV. 
Maturtiy Parameters  KK 147-121 KK 184-163 
MPI-1 0.41 0.23 
MPI-2 0.34 0.18 
MPI-1* 0.37 0.21 
MPDI 0.53 0.28 
PAI 0.47 0.65 
Dibenzothiophene/phenanthrene  0.34 0.66 
Methyldibenzothiophene/methylphenanthrene 0.18 0.47 
C28-TA/(C29-MA+C28-TA) - 0.27 
MA(I)/MA(I+II) 0.03 0.12 
MPI-1 = 1.5 (2-MP + 3-MP)/ 0.69P + 1-MP + 9-MP  
MPI-2 = 3(2-MP)/P + 1-MP + 9-MP 
MPI-1* = 1.89(2-MP + 3-MP) / P + 1.26(1-MP + 9-MP);  
MPDI = 3-MP + 2-MP/ sum of methylphenanthrenes  
PAI = 1-MP + 2-MP + 3-MP + 9-MP / Phenanthrene  
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)LJDm/z 191 mass chromatograms of Sahinali samples (b) m/z 217 mass chromatograms of Sahinali samples. 
Table 3. The fundamental geochemical parameters of Sahinali samples. 
PARAMETERS AS5 108-114 AS7 162-60 AS9 132.75-134.30 
Sterane/Hopane ratio  1.32 3.57 1.13 
Ts/(Ts+Tm) ratio  0.85 - - 
C32 22S/(22S+22R) ratio  2.56 - - 
C29 20S/20S+20R ratio  0.12 0.23 0.33 
Diasterane/Sterane Index  0.08 0.25 0.71 
Moretane/Hopane ratio  0.21 - - 
ȕȕȕȕĮĮ6WHUDQHUDWLR 0.23 0.31 0.30 
C28/C29 Sterane ratio  2.95 0.71 1.31 
C23/C24  Tricyclic Terpane  2.86 0.61 0.71 
Gammacerane Index  - - - 
C25/C26 Tricyclic Terpane  - - - 
% C27   6WHUDQHĮȕȕ  24 26 17 
% C28  6WHUDQHĮȕȕ 14 21 33 
% C29  6WHUDQHĮȕȕ 62 53 50 
Oleanane Index  - 5.52 6.51 
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2.3. %H\SD]DUÕDUHD 
Isoprenoid rates were Pr/Ph: 0.62, Pr/ n-C17: 3.3 and Ph/n-C18: 0.5. Low (< 1) Pr/Ph ratio (Pristane/Phytane) 
indicates an anoxic environment )LJ ). The Pr/Ph ratio increases with phytane during diagenesis. This ratio is 
used to explain depositional environments of the petroleum source rocks. According to the Pr/n-C17 and Ph/n-C18 
diagram, the source rock depositional environment is reducing and the source rock is shale. Odd numbered alkanes 
are more abundant than even numbered alkanes in terrestrial organic matter and their values equalize with 
maturation. Isoprenoid ratios show terrestrial organic matter richness. A lower m/z 217 steranes concentration than 
m/z 191 triterpanes indicates not only terrestrial organic matter, but also the state of maturation. The high value of 
C29 ĮĮĮ5 LVRPHUVRI VWHUDQHV LQGLFDWHV LPPDWXUHRUJDQLFmatter and an abundance of terrestrial organic matter. 
Pentacyclic terpanes give us information on the organic matter type, maturation, and the lithology of the source 
rock. Widespread C30 hopanes indicate high bacteria content. A higher C19-C21 tricyclic quantity than C23 can be 
interpreted as terrestrial organic matter. The C29/C30 ratio is <1 which indicates detritic rock. Ts means a higher 
degree of maturity than Tm and is related to the lithology of the source rock. Tm is formed biologically whereas Ts 
is formed through diagenetic and/or thermal changes in sediments. It is known that the Tm and C31-C35 extended 
pentacyclic terpanes decrease with maturity. It can be concluded that Tm and extended terpanes come from the same 
bacterial origin [11].  
 
 
)LJDP]PDVVFKURPDWRJUDPVRI%H\SD]DUÕVDPSOHVEP]PDVVFKURPDWRJUDPVRI%H\SD]DUÕVDPSOHVF*&FKURPDWRJram 
showing peaks of n-alkanes and iso-alkanes. 
3. Conclusions 
When all the biomarker values are considered, it can be concluded that the organic matter is not mature. In two 
areas –except Sahinali– gammacerane is present indicating salinity. According to the C27, C28 and C29 sterane 
distribution, it can be observed that the dominant organic matter is terrestrial based and accompanied by simple 
herbaceous and algae. The deposition conditions are seen to be anoxic even though some oxic depositions are found 
in areas. All the areas had oleananes indicating angiosperm presence. C29/C30 hophane ratio and decrease in C31-C35 
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peak height indicaWHGGHWULDOIDFLHVLQDOOWKHDUHDV,QWKH.DUDSÕQDU$UHD7KHFRDOVDPSOHVDUHFKDUDFWHUL]HGE\WKH
occurrence of C29 steranes in the saturated hydrocarbon fractions, while the C27 and C28 homologues are present in 
low quantities (C29>C27>C28). C23, C24, C25 and C29 tricyclic terpanes are also present in these samples. In the coaly 
samples, C29 norhopane is more abundant than C30 hopane. The dominant hopanes in samples are C30 ȕ+-Į
(H) moretane and C29  ȕ +-Į + QRUPRUHWDQH *HQHUDOO\ WKH Foal samples have relatively high C23 
tricyclicterpanes and low C25 and C24 tricyclicterpanes. Relatively high concentrations of C23 tricyclic terpane in 
investigated sample extracts indicate terrigenous input. The dominant sterane in all samples is C29, indicating a 
terrigenous contribution consistent with the predominant land plant origin. Also, richness in C27 indicates a lagoonal 
environment and algal organic material. The C28 OHYHOV DUH TXLWH ORZ DQG W\SLFDO RI OLPQLF HQYLURQPHQWV ȕĮ-
0RUHWDQHĮȕ-hopane ratios indicate the early mature stage and gammacerane related to the organic matter deposited 
in high-salinity depositional environment. Low or very low C30 sterane values indicate limnic environments. In the 
Sahinali Area; Į+-22, 29, 30-trisnorhopane Ts/(Ts+Tm) ratio is 0.85. This value indicates immature (Ts/Tm>1) 
organic matter, while C32 22S/(22S+22R) ratio is determined to be 2.56. Diasterane/sterane ratio is generally low in 
immature sediments-between 0.08-0.71 in the samples- in spite of the lithology effect. The thermal process is 
evaluated through the biomarker data during the coalification, and the moretane/hopane ratio shows immaturity and 
early maturity. One of the maturity parameters derived out of C29 UHJXODUVWHUDQH LVĮ+ȕ+ȕ+&29 
VWHUDQHDQGĮ +Į +Į +&29 VWHUDQH ĮȕȕĮȕȕĮĮĮ UDWLRZKLFK LV OHVV WKDQ LQ WKH VDPSOHV -
0.31). C23/C24 and C28/C29 ratios are between 0.61-2.86 and 0.71-2.95 respectively. 20(S)/(20S+20R) and 
ȕȕȕȕĮĮ VWHUDQH UDWLRV LQGLcate immature stage. Oleananes type biomarkers were determined to be 5.52-6.51 
derived from the angiosperms. This might indicate angiosperm abundance under deposition conditions. In the 
%H\SD]DUÕ$UHD$ ORZSHQWDF\FOLF WHUSDQHVFRQFHQWUDWLRQ &32- C35) indicates biodegradation, while a 1.5 Ts/Tm 
ratio indicate immature organic matter. The presence of oleanane indicates terrestrial higher plant input during 
sedimentation with angiosperm. It also indicates that the bituminous unit is of Miocene age. Gammacerane presence 
in the terpanes chromatogram shows algal growth in a lake. 
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